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'ACCURACY OF PERCEIVED TEST-ITEM DIFFICULTIES

Conventional ability Zesty require all testees to answer the same'set of
test,itims. Because testees differ in ability level; however, tests of this
kind'may potentially create differential psychological environments for testees
of different ability levels. A test which is-appropriately,difficult for ,

testee of average ability may be perceived by less able individuals as being
much too difficult, end'such perceptions may lead these testees to approach the
task w161 anxiety and forbearance. pn the dther hand, individuals with higher
than average abattles may findlithe task a simple or even pleasant dae.
Clearly, the psychological environment of a testee may vary gteatly depending
an ,the individual's perception of the task.

Adaptiye tests are designed such that each testee receives, tens which are
psychometrically appropriate for hi's/her ability level (Lord; 197.0;. Weiss, 1974;

.'Weiss & Betz, 1973). - For- examp'e, items in such .tests may be'Ohosen do that

each testee, regardless of ability level, will have approiimately,a fifty-percent
chance of answering the item correctly (eA., LorA-1970). The adaptive test -

may thus reduce the. differential psychological environments ailsi rOm-the
administration of a fixed set of items to persons of differing 6 levels,
and may thereby improve the performance of low-ability students. n fact,
under certain conditions, adaptive testing has been shown to be bore motivating

rfor.low-ability testees (Betz & Weiss, 1976e) and to result in higher ability, 4

estimates (Betz & Weiss, 1976a).

Holtzman (1910) points-out the potential importance of psychological factori
in the estimationof an individual's ability:

Irmo)/ be important to investigate the interaction of personality ,

and situational factors with tailored testing. The motivational impact
on the student when he discovers that most of the'items are at a certain
level of difficulty (or uncertainty) is unknown. The optimal level
(or mixture of levels) for a given student will not be derived from test
theory aloe; information about student anxiety and motivation may a],flo
be relevant. (p. 199) -.

Whether adaptive tests can actually reduce the differential psychological
effects due to the administration of an inappropriately easy or difficult set
of testiftems depends largely on whether testees-can accurately perceive the
difficulties*Of the items administered. -Little research has dealt directly
with the 4uestion of itemdifWeulty perception. '

Munz and Jacobs (1971) asked introductory Psychology students to'scale
multiple-choice examination questions on the subjective difficulty an introduc-
tory psychology student would experience in reaching a solution to a particular'
test question. Thurstone's methods of equal-appearing intervals was Used to
derive_ difficulty scale values for. the individual items: These scale values
correlated positively but moderately (r.52) with traditional proportion-correct.:
difficulty indices based on the subsequent administration of those items to
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other in.troductory psychology stildents. 'Abwever, Munz and Jacobs made no
attempt' to determine the accuracf with which irdividdali,pereive0 item diffi-
culties relative to their own navels of ability. Further, these reskilts may

.,ge'generanzed'only to oiher'achievement-testing situations where students have
been exposed to the materiar and have made an attempt to faMiliarize themselves
with 40_

v
Bratfisch, Di)rnic, and Borg (1972) asked individuali to estivate the'

subjective difficulty of items frpm sets A, Bpi), and E of Rayen's Standard
Pr ressive Matrices. The items were tirsCadministered Conventionally; in thef

or er,of theif "objecttye", difficulty as assessed by determining the proportion
o correct responies in a norming sample. Following this, the items were
presented in random orderand estimates of',their subjective difficulties were
obtained through a magnitude estimation procedure. The Spearman rank-order
correlation betwOp the Subjective difficulties' of the items and the order of
their initia4 ac nistration i.e.,Z their ranked "objective" difficulty) was
positive and high (rs=.90).. JJnfortunately, the effect of the items' prior

- .

administration in the order of their objective difficulty cannot be determined.

ns,In another. study by the same authors (Bratfisch; Borg & Dornic, 1972),
. testees were admini4tered numeridal-reasontng, spatial-ability, or verbal -

.comprehension items in the order of "objective" difficulty of the items in the,
teets. Immediately afteiattempting to answer each item in the conventional
manner, the testees rated the item's diffiCulty on a nine-point scale where
1 corresponded to a " very,' very easy," item and 9 corresponded ,to a "very, very,
hard" item. The, Spearman correlations between order of administration.and
perceived difficulty for'the numerical-reasoning, spatial - ability, and verbal-
compohension tests were .91,*.92, and.92,'respectiveiy. Tnfortunately,.in
both studies by these authors, the subjeCtive difficulties were not explicitly
related' to the testees' perceptions of"an item's appropriateness to their
ability levels. More importantly, in both studies, it is impossible to separate
the effect of item difficult7 from tharof order of administration.

The present study was designed to determine whether or.not testees can
perceive the difficulties of sbility,test itemsrelative to their levels of
ability and, It isw, to investigate the accuracy of.these perceptions for
individual. items. ,Additionally, the study was designed to determine'the level
bf. item difficulty perceivedby testees as being appropriate* for their ability.

Method

Test Zonstruction

Two 41 -item conventional tests were design ed which had a large range of
differences between the difficulties of successive items. Items fof the tests'
were chosen from a'pool of five - alternative, multiple-choice vocabulary items
on the basis of their nprmal-ogive difficulty (b) and discrimination (a)
p'arameteris (Lord & Novick, 1968). One of the tests was designed to be adminis-
tered to a group of relatively low-ability college students. The other'test
was designed to be administered to a group of melatively higher ability students.

4'
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The item parameter estimates were based initially on data repor ed. by,
'McBride and Weiss (1974), derived from samples of University of Minn sots_
underiraduates. These parameter estimates were revised using a proc dure
essentially the same as that described by Jensema (1976): Appendix
describes the process bf developing the 'revised item parameters. Th difficulty '
did discrimination parameters for each test item are shown in Appendix Table B-1. '

The:lbw- and high- ability tests had mean difficulty of b= -2.190 and
b=-.48i, respectively. Mean discriminatiop values for the low- and high-ability
tests were --..=1.117 and -5=1.501, respectively.

'1

" .

Procedure

Subjects. Two groups of undergraduate students participated in this stUIy.
The first group consisted of 119 students from psychology classep in the
University of Minnesota's General College (GC) who were tested 'n the winter
of 1975. The second group, tested in the spring of 1975, consisted of 185
students from an introductory psychology class in the University's College 0
Itheral Artmn(CLA), All students were volunteers who received points toward
elr final course grades for parjicipation in the experiment. GC students

typically perform Wre poorly on ability and aptitude tests than do CLA
students; for the purposes of this study, the GC students will therefore be
designated as the "low-lability", group while the CLA students will be referred
to as the "high-ability" group.

Test administration. Allstudents were tested at individual cathode-ray
terMinale (CRTs) connected to a Hewlett-Packard 9600E real-time computer system.
Instructional screens similar to those described by DeWitt and Weiss (1974,
pp. 36-53) e*plainEd the operation of the CRTs before the actual testing was
begun. In addition, a prqctor bras present in the testing room tb'provAde
assistance in the operation of the equipment. '

Each student answered 41 multiple-choice vocabulary test items. The
first six test items presented were identical.for testees in S given ability
group. These items, whose difficulties reflected the difficulty range of the
test, served to familiarize the students with the range of difficulties they
would subsequently encounter. The remaining 35 items in each test were presented
in four'different orders of administration to minimize the effect that the order
of item presentation might have on perceived item difficulty. Testees wete
sequentially assigned to one of the fOiir conditions. Although the same

1

procedure was followed in both ability groups, the items differed between
groups. Appendix Table B-1 shows the order of item administration in each of
the four conditions for each ability group.,

Prior to the administration of the test, the students were informed that
they Would have as much .time as they needed to c9mplete file task. During the
test, items were presented on the CRT screen and students responded by typing
the number corresponding to the chosen alternative for each five-alternstive,
multiple- choice item. Immediately after responding to an,item, each studerit.
was asked to indicate the item's perceived difficultyaby entering a difficulty
code selected from the following list:

8
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A. Much too easy for you
B. Soriewha too easy for you
.C. Just rib ut right for you
D. Somew too hard for you
E. Much to hard for you:

The testee's response was then the ked by the computer to ensure that one of
I the five aernatives had been cho en, and these data were'ttored with the
item - response data for later anal is.

rResign,

The study was designed to i vestigate three different aspects of itemr
diffiCultywerception. The init al.phase was designed to determine whether or
not testes could accurately perceive the difficulty of ability -test items.,

l'i

The second phase was concerned th whether or not a testee's ability level
was rel#ted to the perciPtion o the relative difficulty of a 'given item;
that is, ,how accurate an individual's perceptions were, relative to his/her
ability level. The third phase of the analysis attempted to determine the
relative item difficulty which was_perceived by the testee as being about
right for his/her ability level. f/ j.

Accuracy of Difficulty Perceptions

i'MPthod of Analysis

Difficulty perception mOdell )An individual's perception of an item's
'difficulty can be thought of as the signed distance between the person's
ability level, and the item's difficulty level iriaEuclidean ability/diffictilty
space. This perdeption will be denoted by

,

dlo ..- E wd. (x. -x. )
p JP IPp=1

where d.j is the perceived difficulty of item j for person i

x. is the difficu
OP .

sp
x, is the ability of person i along ability /,difficulty dimension p

w. is the weight of item j along dimension p.
OP

P is the number of dimensions in-the ability/difficulty space.

of item j along ability/difficulty dimension p

Thus, in this model, the difficultyof an item for a given pers6n is defined
as the weighted sum of the'signed distancesbetween the location of the item
and the location of-the person along P ability/difficulty dimensions. For the
present analysis, numerical values of d..

0
were 'assfgned to each alternative on

1

1Appreciation for the development of this model is expressed to Mark Davison,
Assistant Professor of Educational Psychology University of Minnesota.
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the racing scale. The values assigned to alternativis A through E were -2,

-1, 0; +1, and +2, respectively. Thus, did increased as the perceived difficulty

w of an-item!--increased, and dij,was equal to zero when an item was perceived by

a testee-as "just about` right for [me] ."

The use of a model such as that in Equation 1 is advantageous for several

reasons. Using the difficulty ratings alone, 'estimates of individual abtlity.
leveld'and item difficulties can be derived on a tommon metric. In addielon,

the general, multidimensional form of the model may by particularly useful in
describing difficulty perceptions on multi - ability test batteries or other

such multitrait instruments.
-

Note that P in the model corresponds tothe number of dimensions in the

space. If the item difficulty ratings are unidimensional,P will equal 1 and
d. can be expressed more simply as

i.. . = . . .
.1 .27 11-,1

1

[2]

Further,- if the items ar 'assigned unit weights, the expression in Equation 2

(becomes

d. =(x -x .) . [3]

c.

If the model and the assumOtion of unidimensionality are appropriate and
the average ability level within a *roup of testees is arbitrarily set at-zero,

a least squares estimate of a single item's ifficulty (x.) is,rfound to be-
7

d.

v

[41

=1 \\,\

where N is"the number of persons rating the item. Thus, an estimate of an

item's difficulty Is simply the average difficulty rating assigird tq that.
item by the individual being tested.

Similarly, a 19.ast squares estimate of xi, the ability level of person i, is

= - 1 E d. + 1 w 15]
2 n

j=1
2j n

j=1

where n is the number of items adminsteted. An estimate Of 'an individbal's

ability level is thus the ''average diffic lty rating he/she assigns to a set of.

items plus the average item - difficulty ii that set.

Accuracy of ratings-based estimates. The estimates of item difficulties
and individual ability levels described, by Equations 4 and 5 are based solely

onthe testees' ratings of relative item difficulties; In order to determine
the appropriateness or accuracy of these perceptions, the ratings-based esti-
mates of item difficulties.and students' abilities were compared to mote conven-

tional estimates based on the correctness/incorrectneseof the testees' conven-
tional responses to the test /tete-.
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The ratings-based estimates of item difficulty were correlateq with the
proportion of persons in the present study identifyi0 the correct response,
alternativesand also with the normal-ogive estimates of item difficulty (b.)

4 a,
`_based on the item-calibration described-in Appendix A. The ratings-based
estimates of student ability,were correlated with traditional number-'correct
-scores and maximum - likelihood ability estimates (Betz -& Weiss,-1976a)
based on the normal-ogive parameters of the items.

.

Dimensionality of difficulty perceptions. In order to use the silrple, uni-
dimensional:form ofithe difficulty-perception model described above, the uni-
dimensionality of the difficulty ratings must be demonstrated. Because, there is
no definitive test of unidimensionality, ,an indirect evaluation was necessary.
McBride and Weiss (1974) suggested four criteria which, if met, constitute sufficient
.evidence of unidimensionality in item-response data. According to the criteria
suggested, confirmatory evidente of unidimensionality is present when:./) the first
common.jactorof the matrix' of- inter-item correlations' is a general factbr account-
ing for a'large proportion of-the common variance and on which all,variables load
h.ghly; 2) the second and subsequent factors. account for much smaller and
essentially equal proportiolls ofthe common variance; S) the item loadings on
the first factor are either all positive or all negative; and 4) none of the above
eriteria are satisfied by the analysis of a aimilar'correlation Matrix OQUAtrUCted
from computer-generated randotrdata. Although these criteria were suggested in
the context of the analysis, of item-response data, they are equally applicable
to the analysis of-the difficulty ratings.

Accordingly, a 41x41 matrix of product-moment inter-item correlations
among the difficulty ratings was factor analyzed fkr each ability group.
Communalities for each item were estimated.by the squared multiple correlation ,
of that item with all others in the matrix. _Factors were-extracted by the
principal axes proCedure and the resulting communalities were substituted
for the prior communality estimates. This procedure continued in.an iterative
fashion until the differences between the two communality estimates were
negligible.

Results

Dimensionality of difficulty pertepon§. Evidence of ,the dimensionality
Of the difficulty ratings is shown in_Figlirea La and lb. -ThiSe figures show
the.first ten eigenvalues of the inter-item correlation _matrix based on the
difficulty ratings for the low- and high-ability groups, respectiVgly. In both
figures, the eigenValues from the analysis of the ratings are represented by -a

solid line, while the des* line shows those resulting from an analysis of
comparable, computer-igeneratd random data.

4

In blpth ability groups, Lhe firpt facfor of the real data extracted by _

far thelergest amount of variance, while the second factor extracted only
slightly more variance than did subsequent factors. The first factors extracted
from the random data, on the other hand, accounted for 1pittle more variance
thin other random-data factors. The amount of varianceeextracted by the second
and subsequent factors in the real data was similOr to that extracted by the
second and 'subsequent factors in Vie r4tidot data.
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Fikure 1

Factor Contributions as a Function,of Factor Number for'
the Difficulty Ratings

/

and for COmparablAandom Data

f

(a.);Low-ability Group

Difficulty Data
\

%,

4
8

c

.. .

i ,

16

14

12

10

8

r

4 7 6 7 8, 9 10

Factor Number

II,

Random Data ; .

(b.) High-ability Group ,

.
Difficulty Data

)

4 5 6

Factor Number
,

i

Random Data.

1 1,

..-

ii.



' -Table 1 lists the lgadifigs of the items fr6m each test,on tlitfirst three. .-
factorsextratted!from the matrix of inter-item correlations Of-difficult

*--
ratings for 'that test. -Each of 'the items loaded pOsitively on the irai
factor from that test's date, and the first factor'loadings wert gene

: 4 "These data therefore suggest the existence of-a -"general" factor. Also s;,wrt 4.
.1.-'in Table 1 are the loadings for the first "'three factors, from the comparable

/- random,d h grobp. For these 'latter data the first factor was
-1 4i : bipOSX oups; i.a., positive and -negative logdingb occurred as' k

frequent first'factor as-on Factors 2 and 3. Trithe.real data, Such40.

bipolarity occurred only on the second and subsequent fa7ctors. These-reault&-
' -.05!therefore suggest that for both abilitylgroups, the difficulty. ratings may .

. fitile-%.be characterized as being unidimensional,, it

,

. .

_ 14044",1
- Accuracy of ratings -based est *ates, Bet se the diffidulty perceptions. 7i

I

. y
appeared to be pddimensional, the difficulty , ratingi were used in conjunction.
with Equatibns 4 and 5 to calculate ratings-based estimates of item difficulty

ability The estimates of item difficulties, based solely,
laro '.on the difficulty ratings, are shown in Table' 2. Tabfe'2,4s.Showsproportion

0 'correct ,(p.
J,7

) and normal-ogive 65J 0 item-diffAculty estimates -for eachltem.*:

In the low-ability group, estimates of item difficulty derived from the
diffidulty perception were highly relatedtb proportion correct and normal-' .

ogive item- difficiiLty estimates; Pearsonproduct-momentcorrelations were
7(

r=-.86 and r=.80, respectively. 'The relationships between the ratings-based
difficulty estimates and the estimates based on conventional resbohses.to,the
items were similarly high for items in tie high-ability lit

-
wlth respettaie

Pearson product- moment correla. tionssefT=-.94 and r=.85.. 1/4

. Appendix Tabior B-2 shows, for each testee, number-correct scores (ni)

and maximum likelihood estimates'of thetestee's,ability,ievel 6.) based on -,
/ ; . 2 .

his/her conventional,respouses to the items and the Corresponding ability'
. estimates baSet on ilie difficulty perceptions (v.2 ). The Pearson produCt-moment

correlations of the ratingSzbased ability estimates wifh,rhe corresponding
,-,

number-correct 'scores and with'maximum.likelihood ability estimates were
r.55 and r=.56, respectively, for testees-inthe low-ability group. For persivs
ihrthe'high-ability group, comparable correlations were r =.63. and r=.59,
respectively.,

R

Difficulty Perceptions of Individual Items

The second phase of the analysis assessed the relationship Between the
ability.levels of testees and the perceived difficulty, of a given item. As an
individuaI's ability increases relative tdiPthe difficulty Jebel of an
.item,the item should be perceived, by the individual as being relatively less
difficult. As. student ability levels decrease in comparison to an item's

.1rdifficultY., the item'should'appear to the testees as being relatively more
difficult. Thus, the' difficulty rating assigned by a testee to an individual .e
item phould be'debendent upon the discrepancy between the testee'S ability

sq.

level and the item's difficulty.
.

at
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Table 1 ,

Item Loadings cm the First Three Factors for the
Difficulty- Perception Data and for comparable Random Data.

Lomtvetbility Group High Ability Group

. .

Difficulty - Perception, Data
'

Random Data

Item Factor Factor Item
Reference Reference

.

Difficulty-Perception Data

14

Number 1

2' .73
4

7

,.81

:5T
14 .73
18 .75
19 .55
20 .39

23 ,73
24 .67

29, , .76
41 .76
44 .61

51 .63
55- .69

62 .63

56 .39

:IMP
.73

.61

72 .69
77 .70
'78 .74

86 .62
89 -.67

91 .46
108 . ... .68
111 .53

.57114

141 .61,'

145 .62

162

174

154 .59

38

.30

182 .71

188 .41

191 .67
192 .58

198 .76

192- .32

337 .32

375 .26

651 .39

r
Fae or-
s'

2 n, 3 1 2 3 Number 1

-.11 -.12 .02 -.11 -.06' 2 , .62

=.34 .07 ' .,F3 7:,I3 -.01 7' .40

-.28, :06 13 :20 .29 14 .55

-.20 .21 .17 .14 -.19 18 .33,

-.23 .05 -.01 19

-.20 -.0 198

-.36 .47

.22 '002 23 .68

-.18 -.01 T.25 .-.04 .12 . 24 r9T

,-.08 .05 -.01 -.05 .24 39 .50

-.27
.
-.10 -.12 .24 ..24 44 .61

-.22 -., 01 .15 '.32 .r6 51' .50' ,

-.28 .15 .27 -.27 .21 56 .65

.23 -.28 . -.27 -.00 -.11 644 .61

.08 .08 .11 .38 -.16 68

-.16
-IP? .14 -.22 -.15 77 ,:68

-.27 -.17 91 .58

.31 -.19 .15 -.16 .17 86 .57

-.34 .25

-.09 -.13 -.03
.12

1.--"-

104 .55

-.29
.41 -.18

108 '.65.37 ',-.14 -.02- .14

-.27 ., .23 -,14 -.17 .18 111 .51

.05 -.11 .20 -.13 .07 114 ''' .64

-.11 1-.19 .03 -.16
' -.38 115 .42 ,

.73 -.15 .99 -.23 . .15 120 .62

.17 -.15 .27 137 .49

.36 .01 ".?': -".2100 .32 145 .63

'. .02 .15 .10 .09 .22 : 147 ' .49

' .51 --.16 -.17 .19 ..14 154 .55

.48 .00 .24 -.07 .b6 162 .64

.11 .17 167 .46

.09

.02 , -.26 -.12

.47

.36 -.16
.25

709
-.12

51
.0.6 : .09

.21

-;;I:14/,'

188

174 --e c .43
182 .66

.54

-.07 ,p9

.50 - '.I0 -.18 .21 .15 191

0

.59

-.20 . .19 -.15 .13 .29 ..43 ,

.43 ..22 .13 c.27 -1, 253 .17(.09,,,,

.03 -.37 ..26 ' 4 .11 302 '1'.'52.

.25 -.08 -.01 -.13 ---1-319 ,.49.

-.08 -.04 ''.25 -.17 .18 e, '137 .52

.25 .36 -.00 -.05 .25 .159 .34

.24 .32 375 ..30

'---N.59 .18

-.42 -.29
.28 -.16 '383 .47

, .09

.46 4 .31 .12 .12 .02 514 .50

* 3

Random Data

Factor

2

i
-.27 .g1 .08 7.03 -.05
-.38

-:.(1): .3024 :10T .22;.43

-.04 -.26 .12 -.00 -.14
-.36. -.09 -.00-.21 .11

-.35 -..09 N --=.19. .14 ..-.03,,
-.32 `".14. -:g 425 .06
.14g -.11 .12
-. .15 -.01 .24 -.16
-.03 -.19 .21 .22 =.35
.13 .11 .21 ).20 -.02

-'.42 .13

.19

-.35

:'6 -..25 40:.60-.15
-.29 .99 16 -.30 .10

.12

-.33
'' -15 .08 -.30

-.23 -.13

-.17

.06 -,25

-.16 -.04

.19.30 -.06

.27

-.21 7.03 '.16

.27 -.08 -.03 .14 .4 .20

.27 -.14 .07 -.07, .15
,25 -.19 ,, '.15 -.22, ...21

-.10 .04 IP .19 L.18 ', !li

.04, .25.24- :.03 .01
.17 -.21 .11 -.12 -.06
.14 : .24 .07 -.10 -.23
.08 .04- -.21,, .29 -.04 ,i4

:Al -.08 .13.13 .18
.21 .18 -.19 .04,.-"!.02

-.43,
.28-

.09

.21

.11

.14

--.ii

-.01
-.21

.24
-.03 -.10 .08
.39' .10 -.12 .28 , .22
.34 .34 .13 .04

.19
.02/31 .00.35-

.35 -:11

133 '-.073

-.00
.18 .07 .00
.16 .43 -.02 -.08 -.18
.42 .21 -.18 -.17 -.13
.lo -.09

''.?52

-.09 -.24
.04 -.42 .05

.

r
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Tablt 2.
Leait-Squares Item Difficulty -Estimates Based on the

,Difficulty Perceptions (xj) and CorrIsponding Proportion-Coriect (pp

and Normal-Ogive -(b.) Item Difficulty Indices, "

Low-Abilfty GiqX1P GrO4

Item Item .

Reference x. p4 -b . 'Reference x, Po .

Number .

. Number

2 -.58 .99 -3.81 2 -.89 .97 -3.81
4f .7.79 .99 -5.56, 7 -1.11 , .98 -2.32
7' -.96 .97 -2.32 14 -1.10 .96 -2.46 '-

14 -.80 .97 -2.46 18 -.60 .94 -4'.24
.

18 -.59 .94 -4.24 - 19 -.95 .91 4 -3:81

.19 7,83 .91 -3%81 23 -.97 .99 ' -3.86
20 -1.51 .96 -5.76 24 -1.15 .99 -2.37
23. -.58 .89 -3.86 39 -.45 .90 -3:63'
24 -.83 :99 -2.37 ,, 44 -.32 ,88 -1.41

29 ,-:59 .96 -5.52 : 51 7..09 -.75 -1 T04

41,, -.71 .89 ,-6.45 56 .39 .47' '.13

44 .06 .76 -1.41 64 -1.29 :99 -2.36

51 .18 .57 -1 :04 68 -./6 .98 -2.48

55 -.65 .94 . -4.95 77 -.75
/

:94 -3.60
56 .57 .32 - .13s , : 86 .T.;.24 .82 -' -1.101$

'62 '.-.94 .99 -4.95 . 51 -.17 .66

-7'...3011'64 -.97 .97 -2.36 104, .72 .47

68
J

-.68 .92 -2.413 ,108 -.36 .75 -4.16
72 -.72 ' .97 -6.13 111

...

, . 72 .34 1:94

77 -.29 .79 -73.60 114 .80 :18 ;.96 \..

78

86

.-.55

.21

.92

.59

--4.84

-1.19
'115

.120

1.23

-4.35

.16

.37

2.02

1.46

89 .01 .78 -2.49 137 1.16 .48 -.06

91 .08 .56 -.20 . 145 .40 ,.48' , .09

108 -.20 .57 -1.16 -147 .17 .30 '1.47'

111' .74 .19 .94 154 .07 .59 -.12

114 .83 .16 .96 ' 162 1.09 .21 .- 1.24

141 .05 .61 -1.21 167 .67 .41 '2.16

145 .16 .47 .09 :174 -... -.84 .30 1.45

154 .22 .42 -.12 182 -r.ol .99 -3.83
, k

162 1.12- , .11 1.24 -188 -,91 .47 -.04

174 .-84 1.45 191 :.30.. .89 -1%26

182 -.71 .97 =3.83 217 .9, .28 1.38.

,188 . 1.09 .31 -.04 253 1.06 .29 1.44
,,

191 -.16' .76 -1.26 302 .-.90 :51, .85

'192 .36 .89 -6.52 .319 1.09 .21 2.14'

198 -.51 .94 -2.50 337 .61 .42 1.18

302 .93 .58 .85 359 - 9 ..16 2.07

337 .76 .41 1.18 375 7-f:- 6 .31 .93

375 1.34 .22 .93 383 . ..-94 . .34 1.52

651 .84 , 11 ..63' .43 1.74

16.



.. Table 3 l
. Correlations, of Difficulty Ratings

'with AbilitYLLevellItelp7Difficulty DiscfePancy,

(r) and Dichotdmiied Item Scores (r
bis

,i

)
. I

Low-Ability Group,

Item Reference *ir
Nuiber.

High-Ability Group .

rbi8 Item Reference
,Number'.

rbis

2 -.39 -.19 ,2
4 , -.27r -..67 7

7 -.31v -.30 14

14 -.27 -.28' 18

. 18 -.34$. -.24 19

19 -.26* -.78 23. .

20 -.28 -.57 24

23 -.37'. -.58 39

24. -.27 -.30 4.4 N
29 -.40 -1.00 51

, 41. ' -.34 -.10 ' 56',

44 -.49 -.51 64.

. 51
I, -

-.49 ,-.69 68

55 -.30 -.30 77

56 -.40 I ' -.67 86

62 --..26 e'-.75 91

'64 -.25 -.15 104

68 -.17 .20 .108 --'

72-.. -.24 -.73 111

77 % -.39 -.47 % ' 114

78 -.56 .-.05" 115
86 -.56 -.66 120

89 -.49 -.85 137

. 91 -.34 -.23 145
. 108 -.43 7..4Q 147

111' -.43 -.32.,. 154

114 -.43 -:47 162

141 -.41 -.48 167

-145 -.37 -.16 174
154 : ,L.51 -.62 182

162 -.21 -.23 188
j74 -.23 -.22 191

182 -.27 -.39 , 217

188 -.28 -.50 253

191 -.44 '-.52 302

192 -.40 -.25 319

178 -.35 -.76 337

302 -.03 -.37 359

337 -.19 -,44 375

- 375 -:10 -.06 383

651 -.18 -.30 514

-.31 -1.00
-.44 -.58
-.33 -.36
-.21 -.60
7.4-111- -.88
-.38 -.67
-.22 -.07
-.30. -.73
-.25'

-439 -.55
-.38 -.75
-.27 .07

-.21 .20,
-.36 -.56'
-.49
-.44 -.63
-.44 -.69
-.41

-.38 -.47
-.42 -.41
-.29 -.56
-.31

-.28 -.61
-.41

-.13 -.22

-:'-.13 -.38
-.49 -,072

-.23 -.33
-.18 -.18
.30 .22

-.48 -.65
-.41 -.60
.-.23 -.39

' .11 -.26
-%31 -.43
-.41 -.61
-.39.

-.01
-.49'

-.15 -.33
-.36 -.40

-.50 1.45

.17



Method of Analysis

The normal-ogive testing model permits the estima
level's and item difficulty levels on a common metric.
discrepancy between an ndividual's ability level and
6.-
2 a'
b; where 6

i
repres is the ability level of person

,

difficulty of item j. I

-12-

tion Of individu41 ability
Thus,,an.4estimate of-lithe

an item's difficulty is
i, and b reprgsents the

. .

To assess the relationship between. the ability-level/item-difficulty
discrepancy (6i-bj) and the testee's difficulty ,perception for a'singlg Item

'(d.'.), the.PearsonTrodUct-momentcorrelation (21 between 6.-b'. dijand as
1-0 .

.
- 2 j

computed for each, q,; Because the ggtimate of 0
i

and, the estimate, of b.
, . j

\are fallible gad because it is possible.that testees'-perceptions are more
directly related to.whethet or not they can answer the item correctly than to

oi
e -b.' thebiserialcorrelatior

hIs
etween the testees" item scores,

(0 If incorrect, ,/ ifIcorrect) and their difficulty perceptions was also cdmputad.
-;, .--

, -

Results

Table 3 shows the correlations of the O':b
j

discrepancy and the difficulty

ratings,c1..for itemeon both tests. The mediap correlations were -.34 for
:ot -

the tow- ability group and '0,63 for the high-ability group: 'correlations
raped from -.56 t95,-.03 rir the low-ability group and from -.50 to -.11 for
the .high - ability group.

k
Table, 3 also shows the biseriarCorrelations of the item scored and the

'difficulty ratings for each test item. -.The median;biserial corre/itions were
-.40 and -.0 for the low- and high-ability group's, respectively. These
-correlations ranged from -1.00 to .20 for the low-ability group and from -1,00
to .22 for the high-ability'group.

,

Perceptions of Appropriate ItemDifficulty
.

Adaptive les. ng Toroce generally tailor a test such that item difii-
culty_paiametersare r the estiiated ability level for a given
testee, i.e., so that er . ,._,. s zero. Although these items may be

.

"about right" ip difficulty from a psychometiic standpoint, the may not bye
"about right" froth the individual tester's point of .view. The.third,phase of
the analysis was designed to determine the testee '-ability /item- difficulty
Jlecrepancy flior an ,item which was perceived by the testee as being "jugt about
fight " for him/her.

Method of Analysis

-

. For each'test item, an average ei-bj was computed for those persons giving

the item rating of ':C", Adicating that they perceived the difficUlty of the ,

item as "just about /right " for them. 1,

1



Results

=13-

I

Table 4 showd the average 0.s -b
j discrepancy of subjects assigning ilC" to the item

for each of the items on the two tests% It is obvious fromVhe data in Tabiel4 that
tliel"about right" perceptions differ greatly from, item item. !

Positive values of these mean discrepancies indivte that an item'was
perceived as 4'06.aut right" when the diffiCultylevel'lf-,the item.65:4 was, -,on

mtheaverage,belowthetestees'estimatedabilitylevel(Ls ).. For the low-

ability group, 28. of the 41 items had posiivemean discrepanciesi these
discrepancies ranged from -y34 to.5.77. For the high-Tability grouR, 20 of the
41 items had positive mean discrepancies, ranging from .14 to 4.p4.,

'4
Negative values,ihdicate a judgment of "about right" for items: IvhiCh are

above a to tee's ability level. For the low-ability group, these-ranged-frOm,
-.31 to 42.04. For the high-ability group, the range was -.06 to 72.44.

,

Tb&javerage-signed mean discrepancy was 1.358 for. the teptees
and .2899 for'the high-ability testees. These averages are somewhat ambiguous
because differing slumbers of testees contributed to the compUtatioA'of means
for individual items. The overall mean dtperepa ties judged to he,"about
right ", weighted by the number of persons upon whi ,e ch item mean was based,
were 1.703 and .466 for the low- and high-abilitygroups, respectively.

'Least squaresdstimates of item difficulties, based, on the diffiC.ulty
ratings assigne4 to the items and the unidimensional difficulty - perception -

model, were closely related to difficulty indices based on conventional
responses to the items. Thus, students were able to:accurately perceive
the, relative difficulties of a set .of test items. There was some suggestion

.in the data that high- ability testae perceived item difficulties relatively
sore accurately than did low - ability lestees. #

. # !
.
--.

Similarly,, ratings -based ability estimates corresponded ielatively well
with more traditional ability estimates. BeciusethAse ratings-based Ability
estimates were essentially an average of thediffielty ratings assignedqo the
-items, the pogit/ve correlations between these estimates and, for instance, '
the number - correct scores indicate that as ability levels increased, the items
were rated as being relatively less difficult, on the average.

The,correlations,betweeh sthe ratinge-based ability estimates and the number-
correct scores also indicate thattpstees can, with a fair degree of accuracy,
perceivi how well they have performed on an ability test. The correlationi of
.55 for the low-ability group duggests that students in'this group were slightly
less able to perCeive ,their ability levels as assessed'by number-correct-scorer
than were testees in,the high-ability group, where dumber-correct scores and
ratings-based ability estimates correlated .63. In geneiai, however, the
magnitude Qf the relationships between the difficulty ratings and objective

, .

. \

Discussion

19



V. -14-

-Table 4 4 -

Mean Signed 'Discrepanc7 by Item-Between Testee Ability and
Ited DiffictitY (0.-b.), for Students Rating

2 j

an Item "Just About Right for [me]," foi Two Ability Groups .

t -

Low-Ability Group, High- Ability Group
" . Item Item
Reference Mean - Number of Refergnde
Number. Discrepancy tdStuens Mather

2

4*

/7'

14

9
8

1.

;r..20

23

24

29

41 .

51

55

56
62

64

68

72

788 '

77

86-

89

91

108

'111

114,

141

145

154

162

1/4

182

188

191

192

198

302
='337

375

651'

Mean
S.D.

'Weighted Mean
S.D.

4

2.87
4.63
1.24

1,-47

21*

7

33

4.03-

1.44

4.54 -.

5.54 .*

.75

.36

3.94
-.75
4.00
1.3/

1.46'
5.13

;2
.61

1.69

-.82

-1.49
-1.25

.50

-.73
-.59:

-1.45
-2.J04

4, - 2.90

-.31
. .46

- 1.59

4/-1.22
--1.66

-1.37
-1.59

1.36

2.26
1.70

2.28

50

36

46

53

42

54

46

50

52

49

60

35
38
39
53

42

60
62

'37

51

53
54 .

32
32

55
43
63
14

26

61

14

49

47,

57

29

35
11

29`

A'

7

14

18

19

23
24

39

44

51

56

64

68

77

86

91

104

108

111

114

115

120

137

145

147

154

162

167

174

182

'188

191

217

253
302

319

, 337.

359

375
383

514

2 0,

Mean Nunber'of
Discrepancy Students

4:38' 60'
1.52 47
1.68 ' 51
4.04 58
3.29 39
3.16 ,,[ 61

1.85, 43
3.29 76
1.15 101

# .79 .90
-.06 19
1.77 34
2.01

-AL
82

2.96
7-6.! 76

.77 60
-.29 ,i, 73
.14 , 32

-s%
.85 ! 78

-.88 *:- 48
-.87 . 48 -,14

-1.85 ' 11 .f,,,,,,,

-1,92
4 88 -A,

.42 31,

-.26 77
-1:80 84
-.15 95
-.15 26

-2.44 51
't.

-

. -1.37 .46.
3.16 . 55

).).29 1
, ,..1. 32

.94
t -1 73

-1.31 .., 38
-1.940v 27
.961 4° 40

-1.59 29 ;

-11It9 r 63
-2.35' 42F

15 ,)
---1.20 -49

-1.64 56

.29

1.84
.47

2.05
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,

stimates aof item difficulty and between the ratings nd estimates of testees'
abilities indicates that testee perceptions gf test difficulty and their
test performance are, at least generally,' accurate...

.
.

.. .

The second phase of the analysis showed that for an individual item,
however, there was relatively little relationship between testee perceptions
of item difficulty.AN testee-ability/item-.difficulty discrepanciea or the item
scores. The mediahTkoportions of variance accounted for by the linear rera- -
tioeship between the 6-- discrepancy and the difficulty perceptions (r2)

,,

4 were only A4.12 and .1 fo the two ability groups. 'The median pfoporti#,ns of
variance accounted f b e relaeionship'between thE dichotomized ifem scores ,

' and the difficulty "pe ce ons ri,2 were -16 and .23 f6r the two groups. .'

.

In these latter data, er,
:- L/

there again seems to be a difference in favor of
A,. the high-ability groti in hat their difficulty perceptions were more highly

related to their test br. ,

Thefindifig most'releyant for the design of ability- testing procedures was
.ttft items which wele judged by the testees to be "aboXright",in difficulty
were'not necessarily "about right" from a psychometric-point of view. .These data,

-fact, show that testees Rerceived items that were somewhat below their ability.
at as being,,on the aveiage,.about right for persons of their ability level,..

In t case of the low-abili0 students, the items perceived as appropriate had,
age, normal-Ogive ditfigiilty parameters which were over 1.5 standard,

devia ons below the testees' malximum likelihood ability'estimates. The high-
abili .students judged items as "about,right" if, on the average, they were
about one-half standard deviation below their ability levels. Low-Aility
students tended to judge items as "about, right" in difficulty when ,the items
were below their ability leveli; the high- ability students divided their "about
right" judgements equally between items which were'psyChometrically too easy pnd
those whi0 were psychometrically too difficult.

Conclusions /

These data show that students' perceptions of the relative difficulties of
a set of ability teat items are quite'accurate, but that their perceptions of
the difficulties of individual ability -test items,are only moderately accurate.
The data also suggest that the ability level of the testee has some effect on
difficulty perceptions. Ability level also is related to the accuracy of-

perception of a testee's own test score. Thus, testees of different ability
levels seem to encounter a different psychological_environment when interacting
with an ability'test. This conclusion is further supported by the students'
perceptions of the items which are "about right" for their ability levels.

a

The psychometric and the psychological effects of adapting an ability test
to a leVel where the testee perceives the test ,difficulty as "about right"
sh6uld be Studied. -Adaptive'testing strategies usually tailor a test such'that
Chit estimated difficulty of each item administered is close to the current
estimate of an individual's ability level. In adapting a test to ensure that
it difficultIei are psychometrically optimal, these strategies may also, in
effect, be'tailoring the test so that all of the items are ,perceived by testees
as being too difficult forpersoni of their ability level.` The psychological
effects of such a procedure should be investigated more fully-

21k
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APPENDIX A

it
, ,-,

Item Calibration Procedures
I

. s, _.,

4. .nInitial 'evi itatameter Estimates '
_

-
. . .

The itiorpqameterizetion, procedures that were used assumed.a normal -ogiVe
.

latent trait'el andthe existencesof a biVariate -normal joint-distribution
pg 8 Iley4414 the latent ability) and x (the continuous variable assumed to
landeriteltrpftchotomoug !tett reistinfirses). -aven'tfiese'assumptions, discrimina-
tion (a) anliaffficult)i (b) parameters' may be defined by Equattoni 6 and 7,,

. , p

aj oax./17-7.7:77
,

Yj di)
j

j6)

[71

where pex
j
-is the co elation between individuals! ability levels (8) and.theil

.

scores (x) on item j. -
_ -;

!, -
is the-z-score'above which lies the proportion of testees in the pop-
ulationulation knowing the correct answer to item j (Lord & Novick, 1968).

In order to es'timate pep the biserial correlation (r.) between testees'

ability levels and their dichotomized item scores was found by first estimating
the point-biserial correlation (P.) between ability levels and dichotomous item

scores by Equation 8, _based,on data reported by.McBride and Weiss (1974),
,4

P
o

(.4 7- ) -V(p.) (1-p ,.)/e"
' f! J --J -x 181

:.,

where r--' is-the mean number-correct score of persons correcAy answeringitem j,
.

'N
x_ is'the mean number- correct scort of persons incorrectly answering item

.
j,

2.-ts the proportion of persons correctly answering item j,

'B
x is the standa0 deviation of number-correct scores for the tqtal

group answering item j.

The biserial coefficient was then computed usint the traformation in,Equation 9,

i'.\,((p.) (1-p )
r (2- 4[J) a

46
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-wherez. is the zIscore'above which lies the proPortibn of testees in the
J norming sample correctly answering item j

Cz.] is the density of a normal probability density functiori at z
J

,

Because a testee could -answer an item correctly simply by` random guessing
on these 5-alternative,-multiple-thoiceitems, a guessfng,,parameter (c) was
defined for each 'item by Equation 10. '"-

-b .17n [1]]

where nA the number of response alternatives on item

'

In-order to account for guessing when the initial Q,and b.p4zameters used
It consttuct the tests described in this report were derived, the estimate of

P (7,4) cemputed in Equation 9 was modified according to Equation *1,

"--.=r./(1-c.).

The estimate of p5r res4lting from Esuation (rp was restricted to .

' the interval from -1.0 to +1.0 and used,
,

along with z (as an estimate of y.).

`calculate values-of_a and b for each i
resulting values of a, were then restrict

'i.the restrictions on r; and a4 thus affect
____

4 parameters' but the effects-of the resiric

' Revised Item Parameter Estimates
-

The item parateter estimates derived'fram the shove procedures were used
to select items for the tests administeked in this study. In the time interval
between the construction of the tes,ts and the anarysis of the data, it became
apparent,,that certain revisions to these item parameter estimates were necessary
for each item. These revised estimates were' puted for all 569 items in the
pool from which items for this study were sele ted.

j . )

tem using Equationt 6 and.7. The
ed to,the interval from -3.0 te +3.0..

ed both the values of the a and b

tions ware not necessarilY dopsistent.

In computing ,efie revised estimates of a and b used to analyze the present

data, the prdportiOn of-testees who actually knewthe correct answer to an item
(woowas estimated from the proportion of testees in the populatfon who actually

J
.:

-,..

.- . ,

answered the item torrectly (p.) and the estimate of c., using Equation 12, ,

-,7

(prci)/(17ci).

.
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4

-20x
-t

t

.....,.

. An elkimate of, p
6r.

-

suggcsled by Urry (19'5) was then Computed byAlquation 13,
... el

.

I' r.V(jp .1.- (1-p .) ...

=
2 a

'1 i J -,) [131]
(7-c.) (Orel

\ J ,/

,

where is the z-score above which lies the proportion,of testees in the samplez.

who were estimated to actually know the answer to item j (i.i ),

4[z:1 is the density of normal probability density function at0
0

This estimate
L,of pex was then,.used, a1on.g with p", as an estimate of

y.,

in Equations 6 and to calculate the revised a and b parameters. If°pa.
a (7'

p; was set equal to .001. If 12/>.94868.33, ejlas set' -al to .9486833

with the appropriate sign. This restricted the ai7ilues' to, the interval from
-3.0 to +3.0 and influenced the b .-values thretgh Equation 7.

This latter procedure' differs frotrthatauggested by Jensema .(1976)
(
only

in. that Jensema chose to remove each item from the compuystibn of the test
score estimating 84uriqg e computation of that itee4 parameters. For test
scores based'on large nOpi of items, the effectslbt,this exclusion should be
negligible.

Comparison `of original and Revised Item Parameters
i

''For items in the poo:l wit h b-parameters between ±3.0, Figure A-1 presents
the bivarlatejabt of the original and tie revised b parameters. AsFigure A-1
shows, the'reviied b estimates were closOly related to 'the original b-values-i
(Pearson product-moment r=.98). The bivariate plot of original and revised
a-values is shown in Figure A-721- As s",figure shows, the revised a-values
were not as closely related'-'054-orninal a-values (Pearson product-moment
r=.74) as were the revised b-Cierges.

"'"*:

To determine the effectS of the revised item parameters on ability estimates. ,
computed using those parameters, maximum likelihood ability estimates were
computed using both sets Of item parameters for ,the 185 CLA students involved
in this study. The bivariate plot of the,, =ets of maximum likelihood ability
estimates is shown in Figure A-3. The re --Pearson prodUctt4noment corre-
lation of .96 indicated that the ability esti.if-tes did not differ greatly depending
on whether the original or revised normal-ogive item-parameter estimates were:-
used. This 'high correlation suggests that essentially tpesame conclusibt*W/ would he drawn in this study from the use of either thtoilliAirtal set of
parameters or the 'revised set of parameter estimates harnd onvUtriy's (14' )
correctio procedure.

e "

'00C*
11, Vi

procedures were suggested by James 8.-Sympson'ot,the Univertity of ,3'

e .

Minnesota.
'

'

2 6
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APPENDIX B

Table 11-1

Order of Administration and Normal Ogivi Discrimination (a) and
Difficulty (0' Parameters for Items on Tests for the Low- and high- Ability Groups.

Aar.

Low- Ability Group gh-Ability Group
Item Reference

?Waiter

Item Sequence Item Parameters Item Reference log
Number

Item Sequence, Item Parameters
A B .0 D a b A B C. b a

2 11 32 37 16 .517 -3.810, 2 41 7 27 21 ;517 -3.810
4 24 24 10 38 .397 -5.561 7 39 8 26 22 3.000 -2,324
7 , 3 3 3 3 3.000 -2.324 14 22 26 8 40 2.208 -2.461

.14 40 9 25 23 2.208 -2.461 18 1 l
a

1 1 .483 -4.241
18 41 7 27 21 .483 -4.241 19 28 20 14 14 .710 - 3.808-

19 16 373 32 1'1 .710 -3.808 23 18 39 30 9 .713 -3.862
20 . 1' "1 1 1 .381 :5.764 24 30 18 16 32, 1.749 -2.366
23 22 26 8$ 40 .713 --3.862 39 , 5 5 5 5 :347 -3.625
24

i-
13 34 35 14 1.749 -2.366 44 32 ,16 18 30 1.145 -1.412

29 25 23 ,' 11 37 , .323 -5.521 51 27 21 13 '35 1.432. -1.043
41 7 28 41 20 .272 '76.450 56- 34' 14 20 28 1.109 .135
44 15 36 33 12 1.145 -1.412 64 23 25 9 39 3.000 -2.363
51 34 14 20 28 1.432 -1.043 68 15 36 33 12 1.014 -2.479
55 29 19 15 33 .288 -4.953 77 10 31 38 17 .442 -3.602
56 17' 38 31 10 1.109 .135 /186 7 28 41 20 .887 -1.189
62 18 39 30 9 .42N. - 4.952 91 25 23 11 31 1.132 - .197
64 39 8 26 22 3.000 -2.363 104 3 3 3 3 .944 .050

6868' , 6 6 6 -6 1.014 -2.479 108 8 29 40 19 .536 - 1.155

72 5 5 -,5 5 .274 t -6.134 111 33 15 19 29 .822 .935
77 32 16 6 18 30 ..442 -p.602 , 114 36 12 22 26 3.000. .960
78 9 30 39 18 .437 . -4.843 115 2 2 2 2 3.000 2.023
86 23 25 9 39 .887 -1.189 120 38 10 24 24 3.000 1.464
89 35 13 21 27 .721 -2.493 137 6 6 6 6 .499 - .056
91 30 18 16 32 1.132 - .197 145 35 13 21 27 .791 .086

108 33 15 19 29,- .536 -1.155 147 17 38 '31 10 ..825 1.469
111 19 40 29 8 .822 .936 154 26- 22 12 36 .872 - .124
IAA 8 2, 40 19 3.00.0, .960

-*".

162 - 31 17 17_ 31 3.000 1.245
141 ,... 384 10 24: 24". ''.'478 .-1.20800 % 167 ''' /4 24 10 16' .41t 2.15
145 10 31- 38 17 .791 ' .086 174 16 37 32 11 3.000 1.455
154 :31 .17 17 31 .872 - .124 182 11 ' 32 37 16 .701- -3.833,
162 37 11 23 25 3.000 1.245 18e 21 ' 22 7 41 :970 - .036
174 36 12 22 26 3,000 1.455 191 37 11 23 25 1.74 -1.257
182 21 27 7 41 .703 -3.833 217 12 33 36 15 1.249 1.384
188 26 22 12 36 .970 - .036 253 14 35 34 13 '2.321 1.443
191 12 33 36 15 1.749 -1.257

.
302 - 19 40 29 8 .845 ',.846

192 '20 '41 28 7 .267 -6.518 319' 40 9 25 23 .3.000 2.138'
..... 198 14 35 34 13 .801 -2.503 .337 '9 3Q 39 LI 3.000 1.181

302 2 2 2 2 .845 .846 359' 29 19 15 SW 3.090 2.066
337 4 4 4 4' -1-.00d' '1.181 375 20 41 28 7 .832 .934_
375 '27 21 13 ,35. .832 .934 383

e
13 34 35 14. 2'111 1.518-

651 28 10 14 ' 34 1.087 .885 514 4 3 4 4 1.158 '1.741

.ti.
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'Table B-2

Least-Squares Eatimates.of Testes Ability based on the Difficulty Perceptions (i..)

with Corresponding Number-Correct ScOres (ni) and Maximum Likelihood Ability Estimates (8..)

-

Low-Ability Group (0.116) Nigh - Ability Group (Nr185)

.? rZ e 1% r, e. +'

A ,

.22 28.30 30 -.12 .08 27 71.35 '.25 -.83
1.00 40 1.80 .08 27 -.96 .36 24 -.564-.66 22

-.17 19 -2.13 -.36 19 '-2.57 -.37 -..8 12 -1.80-.34 21

18 -1.12'

-.26 28 -1/.54 1.10 34 ' .01 -.05 A -1.92
.32' 28 -1.20 -.29 28 -.51 .46 26 .51-.78, 18 -1.03

.41 24 .00

44 21 -1.93 .08 29 -1.17
1:41

4-.08 23 -1.05
.14 29

-.22 22 -.14

-.71 21 -1.fl
.11

) .42 31 -.01 1.37 39 -.64 20 -.46

-.411 26 -1.43 -.53 29 -.69 -.25 25 "-.00
-.15 27

-.91

-.24 29 '-1.04 .56 27 -.92
-.17 19

.43 1.31 31

-.14 27 -.84 -.41 29 -.95 .63 27 -.01 -.47 18 -1.68

-.19 31 -.27 -.14 27, -.92 .51 -.22 17 -1.83
-1.08 32 =1,04 1.27 34 .00 -.'68, -.35,39 22 -.32 24

-.51 24 71.79 -.34 27 -.44 -.56 20 -.90 -.27 23 -1.40

-.58 28 -1.17 -.12 24 .4 -1.75 , .61 25 -.04
-.20 17 21.20
.39 25

.17 30 -.)9 1.49 34 .18 .17' 17 -1.21

-.24 31 -.14 .37 31 -.25 -.32 22 .70 78
-.14 30 7.53
:13 25 -1.41 -.17 26 -1.99

-.19 28. -1.09

-.

28

17 ,'-1.86
/ .45

-.76

-1.12 24 4-.41

.36 27 .10

.00

-.14 32 .01 7.12 37 .92 -.2 22 -.13 .12 25 -.42

1.42

-.31, 24 -1.75° .17 32 -.01 - 20 21, -1.06 -.20 21 -.43

.13 31 -.41 29 -1.03 -.37 1 -1.55 -.91 18 -1.13 ..

1.03 40 1.47 , .10 28 -1.45 .29' o .20 :28 29 .95
-.19, 23 -1.91 -.63, 21 -2.31 . 1.36 /37 1.85 .34 26 .12
-.09 31 -:76 -.97 -.39 23 -.63-.29 27 -.49 22 -.25
1.13 34 101 -1.44 15 -2.53 18 -2.78 -.20 29 .58
.37 29_ -.12 -.26 32 -.01 -.00/ 35 1.41 -.10 28 4

-.68 27 -1.08 -,46 29 -1'01 1.83' 39 1.96 .56 21 -1.23
-.80 23 -1.93 -.02 23 -1.88 . -.'7 21 --.68 :95 32 .' 1.20
-.56 28 -.93 -.09 30 -.21 /29 25 -.01 .19 28 .99 _
-.14 27 -.85 .10 32 -.21 7'.73 19 -1.27 1.02 39 2.19

(

-.14 23 =1,78 -.34 29 -.81 e:-.17 21 ,-.99 ' ,.05 22 -.56
.13 32 -.31 ..15 29 -.88 -.61- '22 -.:59 .46 '21 ,-.32

1.20 34 .01 -.31 3'. , .01, 1.90 .
.14-.36 28 .4 -1.80 -.02 28 -.80 20 -1.52 . .39 27

-.29 29 -.60 -.12 25 -1.27 . 4 6 1.77
.46, 30 1.17

..,34 37 1.61
-.22 30 -.62 1.i5 36 :78 -.49 23 -.67 :14 '24 -,81

17 -r.66-.75 22 -1.82 .17 28 -.94 -.22
-.8.1 , 22 -.61.15 30 -.44 -:10 33 -.8? -.39 23 -.31

, .74 29 -.22 -1.78 23 -1.85 .22 20 -.79 03 19 -1.36

.07 26 -.41

.03 30 -.46 -.29, k 30 -:13 -.56', 18 -1.13
-.05 29

29 2'8

-.29 '.26 -2.26 /1.03 31- -.15 -.25 22 -.71 1.41 1.22

.47 29 -.28 .86 c 33 .12 1.02 -.76 22 -'.79

-.Q5 31 -.68 .71 32 -.11 -.32 20 , :.80 .14 es .2.28
-.07 25 -1.31 (-.24 28 -1.23 1.02 34 1.46 .

00 32 1.37
.74 31 / .13' 25 -1.17 .14. 30 .17 (.--.. 26 -.2

-1.12 29 -.37 -.78 24 -1.73 .02 20 -.49 -.37 30
.15 29 -.35 -.75 25 -1.43 -.66 20 ...65 -.73 17
.20 26 -1.36 -.05 '31 -1.13 .17 99 ,48 , -.05 19 -4104.70'
.59' 31 -.0! '.47 ,' 25 -1.63 .58 34 1.43 -.20 2 -.41

-.56 21 -2.34 -.17, 32 -.00 -.81 10 -2.55 -.59 8 -1.30
-.51 39 1.25 -.46 25 -2.00 -.17 23 -.48 . . 35 1.50
.17 18 -2.28 .98 36 1.00 -.39 19

-.44 30 -.20 .17 30 ...41, -.20 29 .10 .IZ 31 1.05
-.36 33 .10 -.24 31 -.20 .56 40 2.49./ -.54 '19 -.77
-.78 24 . -1.70 .27 34 .00 .02 27 -.-O0 , .73 30 1.01
.13 27 -1.14 -.51 32 -,...75 -.54 2,4 .' .14 .44 35, , 1.97

.58 26 -.23

-.24 21 -1.97 .08 21 -2.00 -.10 29 .75 -,42 24 -.49
-,20 23 -.39

-.54 20 -.45 ,.41 19 -1.33
-.56 17 -1.70 .51 24
.19 35 1,90 1.19 30

.12

103

34

.05 28 . .17

-.30 24 . -.02 '

.51 29 .99

.36

25 -.28-.32

:R2
-.03 r11 :11,

.05

18 -.95

-.49, .2255 -1-.5506'

.24

.07

18 -.76 ,;

17 -1.13
19 -1.18

-.54

-.22 30 .30

-:88 20 -1.11

22 -.96

-.82-.12
.19

.92

28

24 4.04
00

.02 17 -.97

-.76 20 -.71

51 36 1.31

.97 30 1.00

.44 '30 .64

-.,03 15 -1.45

I', .34 21

.-.56 16 -1.19
.70 25 .00

-1.05 17 -2.13

1.00 33 1.30

.49 'T -.01

-166 19 -.92

-1.03 19 -.87 ,

.36 24 -'",'
-.30 25.
_.515 , 21

.02 29 .89

-.17 23 , .00

00-.03 28- -.

24 -.49.56
. -,..71 /24 -.52

-.6k 21 .4 7-.36

.31 2238 ::1273

0

.29 27 .18

-.25 19 . -1.99..

1.34 37 2.07

-.08 28 .87

.02 18 -1.11

-.60-.20 '. 21

.1Q ? 27 -.13

'^ .39 18 -1.06

.14 15
:2 10

.29 24, ,,,'-.42

-.64 23 -.19

.12 25 ,48
:07 ,' 2S

: ''
.07 27 20

-.12 2 =408

-:42 0 -.72

.,.10 21 1.89
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